The values are given as an average surface heat flux. Negative values (i.e., a heat flux from the ocean to the atmosphere) denote net heat transports from the Atlantic into the Mediterranean Sea. The first three values are simply calculated from estimates of the volume transport and the temperatures of the inflow and outflow, while the fourth value is derived from moored measurements of currents and temperatures.
logical data or the adopted parametrizations. In order to adjust the heat fluxes to match the reference, Garrett et al. [1993] proposed two different ways to correct for the discrepancies: by increasing the heat loss by evaporation or by decreasing the insolation. The two options have a different seasonal signature, but a lack of information on the seasonal variation of the Mediterranean heat content prevented these earlier investigators from evaluating the two approaches. In two subsequent studies two different paths have been followed to reduce the discrepancies of the long-term average. Gilman and Garrett [1994] used basically the same set of parametrizations as Garrett et al. [1993] but found an error in the parametrization of the insolation and introduced the effect of aerosols into insolation. Castellari et al. [1998] and Angelucci et al. [1998] followed a second route in comparing various sets of parametrizations for the four heat flux components to examine for which set the overall agreement is best. This second approach was also followed by Schiano et al. [1993] for the comparison of in situ measurements of the longwave and shortwave components with different bulk formulae. They found a general agreement for the shortwave radiation but an underestimation of the longwave fluxes by all analyzed formulae. Bignami et al. [1995] developed a new formulation for the longwave radiation correcting this underestimation. This new formulation was applied by Gilman and Garrett [1994] and gave good results for the Mediterranean heat budget. These results highlight the need to better understand the surface heat fluxes and their possible dependence on other local atmospheric parameters like humidity or cloud cover and type.
On the basis of a monthly temperature of the western Mediterranean Sea we develop an additional means for evaluating surface heat flux data sets. We therefore quantify the seasonal variation of the western Mediterranean heat content and the heat transport divergence through the straits of Gibraltar and Sicily. Together with the previously employed long-term average heat and freshwater fluxes through the Straits of Gibraltar We first introduce the different meteorological and oceanographic data sets which we have used and thereafter describe the derivation of the oceanographic estimate. We then demonstrate the evaluation of some surface heat flux sets by calculating their deviation from the oceanographic estimate. Finally, we summarize our results.
Data and Methods
For the atmospherical/meteorological side of the comparison we use seven data sets. Five of these are derived from the COADS data set [Woodruff et al., 1987] by the usage of different bulk parametrizations, one is similarly calculated from ships observations [May, 1982] , and one is the output of an operational weather forecast model.
COADS Uncorrected
The first data set is derived from the COADS data set which is given on a monthly and 2 ø x 2 ø grid. We used data between 1946 and 1992 to construct average seasonal cycles of the surface heat fluxes. For this, we calculated the latent, sensible, and shortwave and longwave heat flux components according the parametrizations described by Garrett et al. [1993] from sea surface temperature, air temperature, surface air pressure, specific air humidity, cloud cover, and scalar wind speed of the COADS data set. The 47 years of data were then averaged to obtain a climatological mean seasonal cycle of the heat flux.
COADS A
For this heat flux data set we used the same observational data as for the previous but applied option A of Garrett et al. [1993] , which consisted of a 18% decrease in insolation. The application of this option creates an agreement between the long-term average heat flux and the reference heat transport through the Strait of Gibraltar. Brankart and Brasseur [1996] ) is the inclusion of bathythermograph data collected by the French navy, which increased the number of profiles mainly in the northern western Mediterranean Sea by some 30,000. The data were binned into three-dimensional spatial and monthly temporal boxes for the period from 1905 to 1994 to calculate average values of temperature and salinity (see Figure 1 for a flowchart of the compilation). The 90 years were then averaged into one single average seasonal cycle. A subsequent application of a horizontal smoothing-interpolation routine with Gaussian weights (half width is 53 km; cutoff radius is 106-178 km, depending on variable and depth) at the same time smoothed the field and filled gaps with a distance-weighted average of surrounding data points. A vertical smoothing with empirical orthogonal functions (EOF) was then applied to the resulting fields. The final field was reconstructed from only the first 10 EOFs, which explained >99.9% of the total variance both for salinity and temperature.
We compared our climatology with the MED5 climatology of Brasseur et al. [1996] by calculating seasonal averages and found that the differences were small (<0.1øC) except for the fall season. In fall, Brasseur et al. [1996] report generally higher 
Seasonal Heat Content Changes
The climatological monthly heat content anomaly H(t) of the western Mediterranean was calculated from the temperature and salinity data by using 419 31
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Here c•n(0, S) denotes the specific heat content for each climatology box, pmn is the respective density, V mn is the volume of the box, 0•" is the average potential temperature in box mn for the month i, and 0"re}' is a reference temperature. As reference we have taken the annual average temperature. The indices n and m loop over the horizontal and vertical grid points, respectively. Different from other studies calculating the seasonal variation of the heat content [e.g., Moisan and Niiler, 1998 ], our temperature climatology allows a calculation of the heat content down to the bottom of the Mediterranean, thus avoiding uncertainties due to an unknown vertical transport of heat into a depth-limited surface layer. The seasonal cycle of the heat content changes can be derived by calculating the differences between subsequent monthly heat content anomalies giving values centered at the beginning of the months. For comparison with the average monthly heat fluxes, however, the monthly heat contents were harmonically interpolated onto the beginning of the months and the heat content changes were calculated from these values.
To estimate the uncertainty of our heat content changes, we computed a Monte Carlo test based on standard deviations of the monthly temperatures. We first calculated standard deviations of the 90 years of monthly averaged temperature data. This was independently performed for each grid point. We then derived horizontal root-mean-squares of these standard deviations to obtain one profile of uncertainties for each month of the year. For the Monte Carlo test we added independent uncertainties based on these profiles to each single grid point. One thousand realizations of heat content changes were calculated and gave monthly standard deviations of the heat fluxes between 3.6 and 4.6 W m -2. This approach covers mainly the uncertainty due to interannual variability of the temperatures. For low numbers of observations, as is frequent until the 1950s, the uncertainties from others sources, like measurement and sampling errors, are, however, indistinguishable from the interannual variability and are thus included. We thus believe that our approach covers most of the uncertainty of our calculation. For our analysis of the seasonal surface heat fluxes we need not only the average heat transport through the straits but, more important, their seasonal variation. Since no other information is available, we have to estimate the seasonal cycles from the seasonal variation of the temperatures of the inflowing and outflowing layers together with the seasonal variation of the volume transports.
Heat Transports Through the Straits
3.2.1. Long-term average. Though the long-term average heat transports through the straits of Gibraltar and Sicily are not the central point of our study we nevertheless have to establish values which we can employ in our calculations.
Early estimates of the average heat transport through the Strait of Gibraltar were based on the simple model of the average exchanging counterflows (see Table 1 ). For this simplified case the heat transport can be calculated from the temperature difference between inflow and outflow, the mean volume transports, the densities, and the specific heat content. found from mooring data that only one third of the actual heat transport is accomplished by the mean inflows and outflows as described earlier, while two thirds arise from the correlated velocity and temperature changes. Despite the differences between these more recent observations and the earlier simple model the reported average heat transports are of similar size (see Table  1 The estimation presented here introduces the biggest uncertainty into our analysis. We establish an estimation of the seasonal variation of the heat transports through the straits of Gibraltar and Sicily together with their possible range by using various volume transports and different corrective factors for the shortcoming of the two-layer approach. We use the range of results as the uncertainty of our estimate (see Figure 2) . The application of a similar factor for the seasonal heat transport variation as for the long-term average can be justified by the temperature difference between inflow and outflow into the Mediterranean Sea varying with the season and the tidal currents being independent. The result is that the covariation of temperature and current anomalies varies similar to the temperature difference.
Recent observations in the
For the Strait of Gibraltar we assume a negligible seasonal variation (Bormans et al. [1986] . On the basis of the idea that commercial ships try to avoid areas with severe weather conditions which are generally colocated with areas of strong oceanic heat losses, the approach of option B had earlier been suggested by Bunker et al. [1982] to overcome the heat budget discrepancy discovered by him after the usage of common bulk parametrizations. This assumption is not supported by our results. The study of Gilman and Garrett [1994] had already pointed in this direction with the introduction the irradiation-reducing effect of aerosols, being able to reduce the discrepancy between long-term average heat fluxes and the heat transport through Gibraltar.
Summary
We have developed an additional means to evaluate surface heat flux data sets. We have therefore analyzed the heat budget The different heat fluxes are composed of the seven introduced data sets both with and without adjustment to the average heat flux of the western Mediterranean of -7.7 W m -2. Our heat transport denotes that we have used the heat transport divergence which seemed to us the most likely, while average heat transport denotes that the average of all heat transports in Figure 2 has been used. evaluated data sets as well as in the oceanographic estimate. The analysis of the differences between the oceanographic and the atmospheric seasonal heat flux estimates revealed rms deviations between 10 and 25 W m -2. The better of the heat flux data sets thus agree within the uncertainty of the oceanographic estimate and no further statement of the quality of these atmospheric heat flux data sets is possible from our analysis. At the high end of the deviations we can say that the atmospheric heat flux data sets are not in agreement with the oceanographic data. Using the uncertainty of the oceanographic data estimate of _+15 W m -2 as a delimiter between agreeable and nonagreeable atmospheric heat flux estimates, we find that the seasonal variations of May [1982] and Gilman and Garrett [1994] COADS GG are good, while the others show a too high deviation. Though our study is limited by the oceanographic data, we find that the better data sets reach an accuracy which is adequate for the modeling of the seasonal temperature variation of the ocean. For small long-term changes of temperatures, however, like those of the western Mediterranean deep water, an accuracy of <1 W m -2 would be necessary, which seems to be impossible to achieve with current bulk formulae and observational data.
